Human hairs have been known to be easily contaminated with microorganisms. This study was performed in order to measure what bacterial species and how much microorganisms contaminate human hairs in specific place. Virgin human hairs were left at 6 positions in inside corner and beside window in a laboratory for 7 days. The number of viable bacterial cells, which were determined by most probable number method, contaminating the human hairs was measured at a maximum of 10 6 /g hair and a minimum of 10 3 /g hair in inside corner and maximum of 10 6 /g hair and a minimum of 10 3 /g hair beside window. The bacterial cells-contaminating human hairs were observed via fluorescence light microscopy after 4',6-diamino-2-phenylindole (DAPI) staining. The bacterial community contaminating human hairs was analyzed via the thermal gradient gel electrophoresis (TGGE) technique, based on the diversity of the 16S-rDNA variable region. In total, approximately 20 bacterial species were detected from 12 groups of hair samples. In this study, general experimental methods-fluorescence staining, TGGE and MPN-were combined to develop new method for observation and estimation of bacteria contaminating human hairs.
INTRODUCTION
Not all airborne microorganisms exert adverse effects on human health, but some of them may cause infectious diseases (1, 2) , allergic or irritant responses (3, 4) , respiratory problems (5, 6) , or hypersensitivity reactions (7, 8) . Airborne microorganisms have been identified and enumerated via a broad variety of aerobiological sampling methods (9, 10) .
Certain air sampling techniques may prove effective in the detection and identification of airborne microorganisms in a specific location, but may be not appropriate for the characterization of their relevant mediators and transfer routes. General human activities involve movement and transfer, either minimally from one local region to another, or maximally from one country to another country; during such activities, a variety of microscopic particles containing bacteria may migrate through these translocation routes.
Humans have been identified as the primary source of microbial contaminants within industrial clean rooms and hospital operating rooms (11, 12) . The majority of airborne contaminants containing bacteria has been associated with the hair, skin, and respiratory tracts of humans (13) .
Microbial contaminants evaluated in hospital operating rooms have been associated largely with humans, rather than dust and soil particles (14, 15) . Human hairs may function as an air-collecting agent for micro-contaminants, because the hairs are constantly exposed to air and can readily adsorb a variety of airborne particles via electrostatic attraction, grooved surfaces, thin and long structures, and biochemical affinity (16) . The cultivation technique for the identification of airborne microorganisms is limited to cultivable microorganisms on a specific culture medium, 11 according to research data showing that less than 20% of bacteria in the environment were cultivable (17, 18) .
The diameter of human hair ranges between 50 to 150 μm (circumference, 157 to 470 μm), and thus any bacterium could theoretically be attached to human hairs (19, 20) .
Light microscopy is a very useful technique for the observation of microorganisms on slide glasses-however, it is not possible to observe bacteria contaminating hair surfaces, because the human hair is too thick for light to pass through it from the lamp to the objective glass.
In this study, we have quantitatively estimated and taxonomically analyzed bacterial cells contaminating human hair via the most probable number (MPN) method and thermal gradient gel electrophoresis (TTGE) technique, respectively, and have applied the 4',6-diamino-2phenylindole (DAPI) staining method to hair in an effort to observe microorganisms contaminating human hair. This research may not prove to be meaningful for environmental or clinical evaluations of bacterial contamination; however, our results may prove to be useful in estimates of the amount and species of micro-contaminants that are transferred and transmitted via human hairs.
MATERIALS AND METHODS

Viable cell count
Virgin hairs (21) Figure 1A , by which other part of hairs was freely moved by air flow. The fixed hair bundles were put at 6 positions in inside corners or beside windows in our laboratory as is shown in Figure 1B The number of viable cells was estimated on the basis of the MPN method according to standard protocols (22) .
Observation of microorganisms contaminating human hair
The human hairs, which were left in inside corner and beside windows without any handling for 7 days, were fixed on a slide glass. Immersion oil was dropped on the dried hairs and covered with a cover glass. The oil immersion objective was assessed under a bright field (Zeiss, Axioskop 50, München, German).
Fluorescent staining of bacteria contaminated hair
surfaces DAPI solution (0.5 μg/mL) was dropped on the hairs for 60 min at room temperature. The fluorescence-stained hairs were rinsed with autoclaved double-distilled water and dried in a drying oven for 10 min at 60℃, and immersion oil was dropped onto the dried hairs and covered with a cover glass. The oil immersion objective of the fluorescence microscope (Zeiss, Axioskop 50) was used under UV light (23) .
Thermal gradient gel electrophoresis (TGGE)
Ten grams of human hairs, which were placed into contact with airborne microorganisms for 7 days, were suspended in 100 ml of filtered distilled water with pre-sterilized membrane filters (pore size 0. 
RESULTS
MPN of viable bacteria contaminating hairs
Number of bacterial cells contaminating human hairs determined by MPN was 10 3 to 10 6 in hair samples in inside corner and 10 2 to 10 5 in them beside window as shown in Table 1 . Viable cell number was significantly variable according to the position. These results may be an indicator that human hair may be randomly contaminated by air-floating bacteria in any place and the air-floating bacterial cells may have chance to more stably contact to hair in inside corner than beside window.
Observation of human hair by light microscopy
Human hair surface is difficult to be observed with a light microscope under the bright field, as the optical density of hair structure is too high to transmit light. The contours of the sides of hairs can, however, be observed as shown in 
Observation of bacterial cells by fluorescence light microscopy
In order to obtain clear images of the bacterial cellcontaminated hair, the hair was stained with a fluorescent dye (DAPI), which is selectively bound to DNA but also bound to hair surface as shown in Figure 3 . Hair cuticles were distinctly observed and some microorganisms were detected on the hair surface, even though the hairs were sampled for control test at the time when the hair bundle was placed in 12 positions. The microscopic image of cleaned hairs was significantly different from that of the contaminated hairs for 7 days. As shown in Figure 4A , clear images displaying bacterial cell-contaminated hair cuticles were obtained. The bigger fluorescent spots (marked with arrows) than the bacteria spots were thought to be developed by fungal cells contaminating hair as shown in Figure 4B .
Some fluorescent clots were noted in the hair cuticle grooves as shown in Figure 4C . The clots may be developed by the mixture of various microorganisms grown in the cuticle grooves, which constitute compelling evidence that the grooves between hair cuticles may be an appropriate habitat for microorganisms and a good place for the collection of organic compounds.
Diversity of bacterial species contaminating hair surface
The variable region of 16S-rDNA, which was amplified with DNA extracted from bacterial cell-contaminated hair surfaces, was separated via TGGE as shown in Figure 5 . The DNAs extracted from the TGGE band were more than 90%
homologous with a variety of bacterial species that were more than 20 species. Janthinobacterium sp. (FJ605429) was recorded to be isolated from spider mite, Bacillus sp.
(FJ941090) was recorded to be an endophytic bacterium, A, B and C) , as observed under bright-field light microscopy (× 400). Bacterial cells at grooves on the hair surfaces were not noted, but round spots were seen on the hair cuticles (D); however, these stains cannot be conclusively identified as fungal cells. cleaned with detergents containing disinfectants or hot water, by which the bacterial cells attached to cloth fibers can be sterilized effectively; however, human hair cannot be cleaned with disinfectants. Some bacterial cells may be not cleaned completely using hair soap or shampoo by general cleaning habit (Fig. 3) .
In conclusion, we have developed, and presented herein, 
